Objective: This study evaluated the effect of two home-based exercise interventions (one culturally adapted and one standard) on changes in social cognitive theory (SCT) variables, physical activity (PA), and sedentary time (ST), and determined the association between changes in SCT variables and changes in PA and ST in Hispanic breast cancer survivors. Method: Project VIVA! was a 16-week randomized controlled pilot study to test the effectiveness and feasibility of a culturally adapted exercise intervention for Mexican American and Puerto Rican breast cancer survivors in Houston, Texas and San Juan, Puerto Rico, respectively. Women (N = 89) completed questionnaires on SCT variables, PA, and ST and were then randomized to a 16-week culturally adapted exercise program, a non-culturally adapted standard exercise intervention or a waitlist control group. Multiple regression models were used to determine associations between changes in SCT variables and changes in PA and ST. Results: Participants were in their late 50s (58.5 ± 9.2 years) and obese (31.0 ± 6.5 kg/m 2 ). Women reported doing roughly 34.5 min/day of PA and spending over 11 h/day in sedentary activities. Across groups, women reported significant increases in exercise self-efficacy and moderate-intensity, vigorous-intensity, and total PA from baseline to follow-up (p < 0.05). Increased social support from family was associated with increases in vigorous-intensity PA. Increases in social modeling were associated with increases in moderate-intensity and total PA and with decreases in ST from baseline to follow-up (p < 0.05). Conclusions: Hispanic cancer survivors benefit from PA interventions that focus on increasing social support from family and friends and social modeling.
Background
The prevalence of cancer survivors in the USA is projected to increase by 31% over the next decade [1] . Women with breast cancer are one of the largest groups of cancer survivors, accounting for 22% of the survivor population, and 90% are expected to survive ≥5 years post diagnosis [2] . As this number increases and the population ages, there is a greater risk of developing other chronic diseases, such as cardiovascular disease and diabetes [3, 4] . However, recent evidence suggests that simple lifestyle changes (e.g., moving more, sitting less) could decrease mortality and increase survivorship [5] .
Physical activity lowers the risk of recurrence and development of other chronic diseases in cancer survivors [6] , yet 95.5% of long-term cancer survivors are insufficiently active [7] . Among breast cancer survivors, specifically, cohort studies have shown that women who are physically active post-diagnosis experience a 30-50% reduced risk of dying from breast cancer [8] . Despite the known protective effect of physical activity, Hispanic breast cancer survivors are less likely to maintain a healthy weight and be physically active than Caucasian breast cancer survivors [9] [10] [11] , highlighting the need for culturally adapted physical activity promotion efforts that address the specific needs of Hispanic breast cancer survivors [12] .
Social cognitive theory (SCT) has been used to understand physical activity adoption and maintenance in the general adult population through understanding core determinants of behavior [13] . These core determinants influence motivation to engage in healthful or health-risk behaviors, and operating through multiple mechanisms, suggests that social cognitive influences may mediate changes in health behaviors, such as engaging in physical activity or reducing sedentary behavior [14] . Perceived self-efficacy, social modeling, and social support are key constructs in SCT that help explain how people both initiate and maintain physical activity and reduce sedentary behaviors over time [15] [16] [17] [18] .
Recent studies have sought to understand how perceived self-efficacy, social modeling, and social support influence physical activity adoption in breast cancer survivors in home-based and lab-based settings [19, 20] , and have consistently identified SCT constructs as determinants of physical activity adherence among cancer survivors [21, 22] . However, no study to date has explored SCT influences on physical activity and sedentary time exclusively among Hispanic cancer survivors, who are at greater risk of not meeting leisure-time physical activity guidelines and disproportionately suffer from comorbidities (e.g., cardiovascular disease and diabetes) [10, 11] . Culturally adapted interventions that incorporate specific cultural values and tradition have shown promise for improving health outcomes in the general Hispanic adult population and take into account factors that may promote health behavior change that may be unique to Hispanics [23, 24] . However, culturally adapted interventions typically lack a strong theoretical framework [19, 24] , and it is still unknown whether a culturally adapted home-based intervention will lead to changes in SCT determinants and how those changes are related to changes in physical activity and sedentary time among Hispanic breast cancer survivors.
Thus, the primary purpose of this study was to assess the effect of two home-based exercise interventions (one culturally adapted and one standard) on changes in SCT variables, including exercise self-efficacy, barrier selfefficacy, social modeling and social support, physical activity, and sedentary time in Hispanic breast cancer survivors. A secondary purpose of this study was to explore the relationship between changes in SCT variables and changes in physical activity and sedentary time. We hypothesized that (1) participants in the culturally adapted intervention group would experience greater changes in SCT variables, physical activity, and sedentary time than participants in the standard exercise intervention and control groups, and (2) that changes in SCT variables would be associated with increased physical activity and decreased sedentary time.
Methods
Study design, setting, and participant selection [25] . Although educational attainment is similar in San Juan to Houston (26.6% earned a Bachelor's degree or higher), 93.5% of San Juan residents speak Spanish at home (6.2% speak English) and 40.5% of the population lives below the federal poverty level, which was $23,550 for a family of four in 2013 [25, 26] .
Sedentary women 21 years of age and older who selfidentified as Mexican American residing in Houston or Puerto Rican residing in San Juan were recruited to the study between 2011 and 2013. Participants were recruited from the MD Anderson Cancer Center Breast Clinic and from previous studies. Women recruited from the Breast Clinic were identified by research team members via medical records and were called and given more information about the study. Women diagnosed with breast cancer (stages I-IV) who were at least 3 months post-treatment, not meeting current physical activity recommendations [27] , able to read and write in English or Spanish, and able to provide informed consent, were eligible to participate and were consented in person or by mail. Participants completed an in-person health assessment and questionnaires at baseline and 16-week follow-up with a trained research staff member. Only participants (N = 89, 45 in Houston and 44 in Puerto Rico) who successfully completed both assessments were included in this study. In the final sample, 30 participants (15 each in Houston and Puerto Rico) were included from the culturally tailored exercise intervention, 29 (15 in Houston and 14 in Puerto Rico) from the standard exercise intervention, and 30 (15 each in Houston and Puerto Rico) from the control group. All recruitment and data collection activities took place between November 2011 and July 2014. exercise intervention, a non-culturally adapted standard exercise intervention, or a wait-list control treatment group.
Women randomized to the culturally adapted and standard exercise interventions completed a 16-week comprehensive exercise program that targeted aerobic exercise, muscular strength, and flexibility training. The intervention was primarily home-based, and the intensity and duration levels of exercise were developed based on individual participants' baseline fitness assessments and medical history and were consistent with the American College of Sports Medicine (ACSM) guidelines [28] . Participants in the intervention groups were given two sets of resistance bands, a pedometer, an exercise book, and a video with the prescribed exercises for use at home and were asked to complete their exercises twice a week. Group exercise sessions were held once a month, and participants were encouraged to attend at least two throughout the program.
In addition to the exercise program, women in the exercise intervention groups received biweekly phone calls to check on their progress and biweekly newsletters. Women in the culturally adapted exercise intervention received newsletters that were tailored to Latinas and breast cancer survivors. Tailored materials included information on self-efficacy, social modeling, and social support and used culturally relevant images, messages, and examples, whereas women in the standard exercise intervention received newsletters that were not tailored to Latinas. For example, a culturally adapted newsletter on the importance of social support would highlight the importance of 'la familia' and emphasize doing exercises, like salsa dancing, with the family. Women in the wait-list control group were asked to continue with their normal activities and did not receive any additional programs, materials, or incentives.
Measures

Sociodemographics
A short demographic survey was administered to all eligible participants at baseline. Information on age, race and ethnicity, education, and household income were collected. Height and weight were measured on a calibrated stadiometer and scale and used to calculate body mass index (BMI = kg/m 2 ).
Social cognitive theory variables
Exercise self-efficacy was assessed using a questionnaire developed by the research team based on scales by McAuley [29] [30] [31] [32] . The questionnaire assessed survivors' confidence in completing a graded series of exercise tasks. For example, the stem, 'How confident are you that you can…,' was used with items like 'walk briskly without stopping for 5 minutes?' Responses range from 1 (not at all confident) to 5 (extremely confident). The time frame used for minutes of walking ranged from 2 min to 1 h (2, 5, 10, 20, 30, 45 min, and 1 h). Responses to the seven individual items were summed to obtain an overall score ranging from 7 to 35. Internal consistency (Cronbach's alpha) was r = 0.96 in this sample.
Barriers self-efficacy was measured using the cancer survivors' exercise barriers self-efficacy scale, which is based on questionnaires developed by Marcus [33] [34] [35] and was adapted to include items based on elicitation interviews with breast cancer survivors from a previous study [35, 36] . The scale included 14 items that measured a participant's confidence in continuing exercise in the face of common barriers. For example, items used the stem, 'How confident I am that I can exercise…,' with items like '…when I am tired' and 'when I am traveling.' Responses to the 14 individual items were summed to obtain an overall score ranging from 14 to 70, and Cronbach's alpha was r = 0.88 in this study.
Social modeling of physical activity was assessed using eight items developed for a previous study in endometrial cancer survivors [37] . Participants were given a list of things that happened that day (e.g., 'You noticed people exercising,' 'A friend or family member offered to exercise with you,' and 'You read or heard news stories about people exercising') and were asked to respond 'yes' or 'no'. The total number of 'yes' responses was summed to obtain an overall score ranging from 0 to 8, and internal consistency was r = 0.75 in this sample.
The Social Support for Exercise Survey was used to assess the level of support participants felt they received from family and friends while making changes to their physical activity behavior [38] . The survey includes 10 items to measure family and friend support using a 5-point scale, ranging from 1 (none) to 5 (very often). The instrument has shown high internal consistency (αs = 0.61-0.91) and test re-test reliability (r = 0.55-0.79) [38] , and Cronbach's alpha was r = 0.88 in this study.
Physical activity and sedentary time
The International Physical Activity Questionnaire (IPAQ) short form was used to measure physical activity and sedentary time over the past 7 days [39] . Walking and moderate-intensity and vigorous-intensity and total physical activity were reported in hours and/or minutes per day and days per week, and yielded total minutes of physical activity per week. Sitting time was selfreported as the amount of time in hours and/or minutes participants usually spent sitting on a weekday during the past 7 days. The IPAQ short form instrument is designed for population surveillance of physical activity in diverse populations and is widely used and reliable (r = 0.8), with acceptable validity (r = 0.3) compared with accelerometry [39] .
Sedentary behavior was also measured using a modified version of the Past-day Adults' Sedentary Time Questionnaire [40] . The questionnaire included seven items to assess time spent sitting or lying down and watching television/videos, using the computer/internet, reading, socializing with friends/family, driving/riding in a car or public transport, doing hobbies or doing other activities over the past week, in order to be comparable with IPAQ physical activity data. The Past-day Adults' Sedentary Time Questionnaire has shown fair to good test-retest reliability among breast cancer survivors (r = 0.50).
Data analysis
Baseline and 16-week follow-up data were used to determine the relationship between SCT variables and physical activity and sedentary time in a sample of Hispanic breast cancer survivors. Analysis of variance (ANOVA) and independent samples t-tests were used to test for significant differences in demographics, SCT variables, physical activity, and sedentary time by study site (Texas, Puerto Rico) and treatment group (culturally adapted, standard, and control). Repeated measures ANOVAs were used to assess changes in SCT variables, physical activity, and sedentary behaviors from baseline to post-intervention by treatment group and site. Multiple regression models were used to estimate the association between changes in SCT variables (follow-up -baseline) and physical activity and sedentary time at follow-up, adjusting for baseline physical activity/sedentary time, age, site, and treatment group. To determine whether treatment group moderated the effect of changes in SCT variables on changes in physical activity and sedentary time, the culturally adapted and standard exercise interventions were collapsed and compared with the control group, and additional regression models with interaction terms were included in analyses. A significant interaction term indicated a differential relation- Puerto Rico (N = 44) ship between an SCT variable and treatment group, providing support for a potential moderating effect of the intervention on physical activity and sedentary time. All statistical analyses were conducted in SPSS 22.0 (IBM SPSS Statistics, Armonk, NY), and effects were tested using a non-parametric bootstrapping procedure using 5000 resamples from the data set. The significance level for all analyses was set at 0.05, and the effect was considered significant if the confidence interval of the effect did not include the value zero.
Results
Participant characteristics
On average, Hispanic breast cancer survivors were in their late 50s (mean (M) age = 58.5 years, standard deviation (SD) = 9. Table 1 .
Changes over time
Repeated measures ANOVA did not show any significant time by group (culturally adapted, standard, and control) interaction effects, but there was a main effect for time for exercise self-efficacy (F(1,77) = 9.170, p = 0.003) and moderate-intensity (F(1,76) = 7.659, p = 0.007), vigorousintensity (F(1,76) = 6.465, p = 0.013), and total (F(1,76) = 9.323, p = 0.003) physical activity. There was a significant time by site interaction for social support from family (F(1,78) = 6.729, p = 0.011); women in Texas reported decreased social support from family from baseline to follow-up, while women in Puerto Rico reported increased social support from family over time. There were no other significant time by site effects, but there was a main effect for time for exercise self-efficacy (F(1,78) = 9.093, p = 0.003) and moderate-intensity (F(1,77) = 7.766, p = 0.007), vigorous-intensity (F(1,77) = 6.383, p = 0.014), and total (F(1,77) = 9.462, p = 0.003) physical activity.
Regression models
Multiple regression models were used to assess the association between changes in SCT variables and changes in physical activity and sedentary time. In unadjusted models, changes in exercise self-efficacy were significantly associated with changes in walking (B = 67.044, standard error = 29.393, p = 0.031, 95% CI: 5.942, 123.577, R 2 = 0.059), and this association remained significant (B = 62.848, standard error = 31.390, p = 0.046, 95% CI: 0.958, 124.517, R 2 = 0.068) after adjusting for age, site, and treatment group, suggesting that increases in exercise self-efficacy were associated with increases in walking from baseline to follow-up.
Treatment group moderated the effects of barrier self-efficacy on walking and sitting time and the effects of social support from family on sitting time. Figure 1 illustrates that as barrier self-efficacy increased, walking increased in both groups, but women in the intervention group experienced greater changes in walking than those in the control group. Figure 2a illustrates that as barrier self-efficacy increased, women in the intervention group reported decreases in sitting time, while women in the control group reported increases in sitting time, and Figure 2b illustrates the opposite effect, indicating that as social support from family increased, women in the intervention group reported slight increases in sitting time, while women in the control group reported large decreases in sitting time.
Conclusions
This study found that changes in SCT variables resulting from participation in an exercise intervention led to increased physical activity and decreased sedentary time in Hispanic breast cancer survivors. Results suggest that exercise self-efficacy had the greatest influence on physical activity across groups. Moderation analyses revealed that barrier self-efficacy and social support from family differentially influenced physical activity and sedentary time in women by treatment group, suggesting that the exercise intervention was most effective for increasing barrier self-efficacy, leading to increased walking and decreased sedentary time. Although there were no significant differences in the effects of the culturally adapted versus the standard exercise intervention as hypothesized, findings suggest that an SCT-driven exercise intervention may be effective for getting Hispanic survivors to meet current American Cancer Society lifestyle behavior recommendations, including moving more and sitting less [41] . Findings from this study are of great public health interest, given the considerable health benefits and reduced mortality rates associated with increased physical activity and reduced sedentary time [5] and the characteristically low levels of physical activity in Hispanics cancer survivors at a population level [7, [9] [10] [11] .
The results from this study contribute to our understanding of the influence of social cognitive factors on health behaviors in cancer survivors. There are only two other known studies that have tested the efficacy of adapted or tailored print materials for promoting physical activity and reducing sedentary time among cancer survivors, the Move More for Life study [20, 42, 43] and the FRESH START trial [44] . Though similar, there are a number of differences between these trials and Project VIVA! that make comparison of findings difficult. First, although all three studies were theoretically driven and used SCT constructs, Move More for Life and FRESH START individually tailored newsletters and print materials for cancer survivors based on SCT constructs, whereas Project VIVA! culturally adapted newsletters and print materials to Hispanics and breast cancer survivors. Second, Move More for Life and FRESH START included mostly non-Hispanic whites, while Project VIVA! included Hispanic women, whom are largely underrepresented in the cancer survivorship literature. Lastly, Project VIVA! included faceto-face and brief telephone contact, where participants received a single one-on-one instructional training, opportunities to attend an exercise class once a month, and check-ins via telephone every 2 weeks, in addition to print materials, which may have impacted findings. Both the Move More for Life and FRESH START trials used only mailed print materials, which make comparison difficult.
Previous studies that have used culturally tailored print media to promote physical activity in generally healthy populations have had mixed success [45] . Those reporting positive effects often individually tailor and culturally target materials to their audience to go beyond a basic understanding of theoretical concepts and incorporate individuals' culture, life course, and social support [23, 46] . Therefore, the null effect of the culturally adapted versus standard exercise intervention group reported in the current study may be due to a lack of individual tailoring of SCT constructs in print materials. Participants in the current study received individual fitness goals based on their baseline fitness levels, which may have further minimized differences in physical activity and sedentary time outcomes between the culturally adapted and standard exercise intervention groups.
All Project VIVA! participants reported significant increases in moderate, vigorous, and total physical activity over time. This suggests that simply enrolling in a physical activity intervention and undergoing a physical assessment may be sufficient to promote behavior change among cancer survivors. Previous studies have similarly shown improvements in health behaviors in control participants, indicating the eagerness of individuals newly diagnosed with cancer and cancer survivors for health promotion and behavior change interventions [44, 47] . Even though there were no differences in changes in physical activity between intervention and control participants, women in the intervention groups (culturally adapted and standard exercise) reported increases in barrier self-efficacy, which led to increases in walking and decreases in sedentary time, suggesting that the current study addressed the previously reported needs of Hispanic cancer survivors [48] . Although women in the intervention and control groups reported increases in social support from family, this only led to reduced sedentary time in the control group. This could be because the intervention groups were receiving support to do more moderate-intensity and vigorous-intensity physical activity to meet national physical activity recommendations for cancer survivors [28] , while women in the control groups' family were supporting them to simply move more and sit less [6] .
To our knowledge, Project VIVA! is the first study to date to explore the effects of changes in SCT variables on changes in physical activity and sedentary time in Hispanic breast cancer survivors, exclusively. The culturally adapted and standard exercise interventions were systematically developed based on SCT principles and used evidence-based strategies for physical activity promotion among cancer survivors. This study included samples of Mexican American and Puerto Rican women in Houston, Texas and San Juan, Puerto Rico, respectively, maximizing geographic variability and increasing generalizability. Although unique, this study is not without limitations. Because of low adherence and sample size at follow-up, we were unable to assess objective measures of physical activity and sedentary time. For the subsample of participants on whom accelerometermeasured physical activity was available, there was a moderate (r = 0.380, p = 0.048) correlation between accelerometer-measured and self-reported physical activity. Most participants attended at least two group exercise sessions during the program, but women often cited childcare and scheduling conflicts as the primary reasons they were unable to attend sessions. Onsite childcare and additional group exercise session offerings (e.g., day and evening times) may have improved attendance and outcomes. Although this study included a homogenous sample of Mexican American and Puerto Rican breast cancer survivors, we cannot be certain that the results of this study are generalizable to breast cancer survivors not represented in this study, including lowincome and other Hispanic populations. Finally, differences between the culturally adapted and standard exercise interventions may have been too subtle to detect differences in outcomes between groups.
Hispanic breast cancer survivors are a vulnerable population in need of engaging in physical activity and pursuing health behavior change [11] . Culturally adapted and theoretically grounded lifestyle interventions may help increase physical activity and reduce sedentary time in this population, leading to improved health outcomes and reduced mortality. Women who participated in Project VIVA! reported significant increases in physical activity regardless of group assignment, and women in the intervention group experienced significant increases in barrier self-efficacy, which contributed to increased physical activity and reduced sedentary time. Further research is needed to assess effects in other Hispanic and ethnic minority populations and to determine whether individually tailored and culturally targeted print materials may be more effective for increasing physical activity and reducing sedentary time among Hispanic breast cancer survivors.
